ABSTRACT OBJECTIVES This study sought to evaluate the optimal percutaneous coronary intervention techniques using drugeluting stents for bifurcation coronary lesions.
I, II, and III (3) (4) (5) , and BBC ONE (British Bifurcation Coronary Study) (6) , failed to show the superior outcomes of a unique stent technique over others. These studies were also limited in generalizability due to the heterogeneity of the inclusion criteria, operator experience, study protocol, and enrolled population across the studies.
To enhance our understanding for bifurcation interventions, we planned a trial to enroll all bifurcation lesions whether they have side branch (SB) stenosis or Study participants were randomly assigned to the stenting technique groups in a 1:1 ratio, using an interactive web-based response system. For the CROSS study, after MB stenting, patients with SB stenosis $50% and good flow and those with TIMI (Thrombolysis In Myocardial Infarction) flow grade 3 were randomly assigned to either the routine FKB or the leave-alone group as shown in Figure 1 . Patients with SB stenosis <50% or decreased TIMI flow grade #2 after MB stenting were not randomized but were referred to the registry group. For the PERFECT study, after successful wire placement in both the MB and SB, patients were randomized to the crush and singlestent technique groups. The randomization sequence was computer-generated and stratified according to the participating center and stent type used.
STENTING TECHNIQUES. All procedures were performed using standard techniques for PCI (7) . Intravascular ultrasound (IVUS) evaluation of both branches was recommended for all patients. To standardize the stenting techniques, the study protocol specified procedural steps for each stenting technique as shown in Online Figure 1 . Pre-dilation of the SB was not recommended in the CROSS study, but it was performed at the discretion of the operator in the PERFECT study. For patients in the CROSS study, FKB was routinely performed in the routine FKB group but discouraged in the leave-alone group.
Fractional flow reserve was used to assess functional ischemia in the MB at the discretion of the operator.
Because the purpose of the study was to assess the outcome of routine FKB, fractional flow reserve for the SB was not used to guide the procedure. If the SB showed decreased flow, serious dissection, or suboptimal results with stenosis $70% after FKB, provisional-T stenting was selectively performed (8) . 
In the PERFECT study, stenting with the crush technique was performed as previously described (8, 9) . In brief, before SB crushing, the SB stent was minimally retracted to the MB to avoid excessive overlap of metal struts in the proximal MB. Crushing of the SB stent was performed with an MB stent or balloon. In the single-stent group, when a serious SB complication occurred after pre-dilation, the patient was moved to the crush group to receive SB stenting first. For stent optimization, FKB was routinely attempted in all patients who underwent 2-stent techniques, such as crush or provisional-T. During crush stenting, 2-step FKB, in which post-dilations in the SB and MB were followed by FKB, was performed (10). Table 1) .
Procedural characteristics are shown in Table 2 . The majority of patients received IVUS guidance. There was no difference in the type, number, and length of the MB stents between the 2 treatment groups in the CROSS and PERFECT studies. SB stents were rarely implanted in the CROSS study. In the PERFECT study, ANGIOGRAPHIC FINDINGS. Angiographic characteristics at baseline and after the procedure are shown in Table 3 . Baseline angiographic characteristics were similar between the 2 groups in the CROSS and PERFECT studies. Significant SB stenosis, which was represented by a Medina classification of 1.0.1., 1.1.1., 0.1.1., or 0.0.1., was observed in 25.9% of patients in the CROSS study and in 89.8% of patients in the PERFECT study. After the procedure, for the MB, instent minimal lumen diameter was comparable between the 2 treatment groups in the CROSS study, but it was smaller in the crush group than in the singlestent group in the PERFECT study. For the SB, ostial minimal lumen diameter was greater in the routine FKB group in the CROSS study and in the crush group in the PERFECT study.
Follow-up angiography was performed in 214 patients (69.9%) in the CROSS study and 300 patients (71.6%) in the PERFECT study as shown in Table 4 .
For the primary endpoints, in the CROSS study, 8-month in-segment percentage SB stenosis was not inferior in the leave-alone group compared with that of the routine FKB group (p for noninferiority < 0.001 and superiority ¼ 0.074). Overall angiographic restenosis in analysis segment, as the primary endpoint of the PERFECT study, was not different between the crush and the single-stent groups. In the MB, the insegment restenosis rate was higher in the routine FKB group than in the leave-alone group in the CROSS study, but it was comparable between the 2 groups in the PERFECT study. The in-segment SB restenosis rate was comparable between the 2 treatment groups CLINICAL OUTCOMES. Table 5 shows the 1-year clinical outcomes of patients. There was no difference in the rate of MACE and individual components of MACE comprising death, MI, or target vessel revascularization between the 2 treatment groups in the CROSS and PERFECT studies. Figure 3 shows the Kaplan-Meier incidence curves of 1-year MACE.
DISCUSSION
Our trial included 2 randomized studies evaluating the optimal stent strategy for non-left main bifurcation coronary lesions. They showed that any bifurcation stenting using current DES might achieve excellent long-term results once the procedure is performed successfully. In the CROSS study, for bifurcations without SB stenosis, the selective FKB strategy was not inferior to routine FKB after MB stenting for angiographic and clinical outcomes. For true bifurcations with SB stenosis in the PERFECT study, the crush technique failed to achieve better angiographic outcomes than the single-stent technique did. Of interest, the 1-year incidence of death, spontaneous MI, or target vessel revascularization was in single-digit numbers in all groups in both randomized studies.
Because of different inclusion criteria of previous randomization studies for bifurcation lesions, interpretation of these comparative results should be done carefully (2-6). It is common knowledge that outcomes of bifurcation PCI are dependent on baseline lesion complexity (17) . In addition, due to the diversity of the bifurcation techniques proposed (18), the study protocol must prespecify the individual steps of the stenting techniques to assess the real benefits of each stenting technique. In this regard, we stratified bifurcations into 2 different groups according to the presence of baseline SB stenosis. We then compared 2 commonly used stenting techniques for each patient group of the CROSS and PERFECT study.
Moreover, to minimize the impact of procedural inhomogeneity across operators, individual steps for each stenting technique were detailed in the protocol and approved by the operators (10) . The use of new-generation DES strengthened this study by representing current practices of PCI compared with previous randomized studies using first-generation DES (17, 19) . With the strengths, this report of a trial including 2 randomized studies may help physicians to understand the outcomes of diverse stenting techniques.
In the CROSS study, enrolling bifurcations without significant SB stenosis, the selective use of FKB in the leave-alone group was not inferior to the routine use of FKB after MB stenting. In our study, although only Kim et al. Values are n (%) or mean AE SD. Dash indicates that data were unavailable.
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Optimal Bifurcation PCI Values are n (%) or mean AE SD. Dashes indicate that data were unavailable. *Quantitative angiographic analysis in the core laboratory was available in 148 lesions (98.0%) in the routine-FKB and 153 lesions (98.7%) in the leave-alone groups of the CROSS study and 208 lesions (97.7%) in the crush and 202 lesions (98.1%) in the single-stent groups of the PERFECT study.
TIMI ¼ Thrombolysis In Myocardial Infarction; other abbreviations as in Table 1 .
4.5% of patients finally received FKB in the leavealone group, angiographic and clinical outcomes were excellent and comparable to those in patients receiving routine FKB. On the other hand, MB restenosis was higher in the routine FKB group due to the potential distortion of the MB stent strut (20, 21) .
Otherwise, greater barotrauma in the MB due to FKB might have resulted in more frequent restenosis at the proximal part of stents in our study. Absence of angiographic or clinical benefits using routine FKB was in line with the results of the NORDIC III study (5) . Previous studies evaluating ischemia of the SB using fractional flow reserve, partly explained the mechanism by which a few SB after MB stenting were functionally compromised for bifurcations with nondiseased SB (22) (23) (24) . Given these results, in the case of planned single-stent treatment for non-left main bifurcation lesions, FKB needs to be conservatively performed for selected patients with decreased flow or impending occlusion of the SB after MB stenting.
The PERFECT study confirmed the current consensus that the single-stent technique yields comparable clinical outcomes to the 2-stent technique (1). At follow-up angiography, the crush technique had no benefits over the single-stent technique in terms of angiographic and clinical restenosis.
Instead, the procedural time and contrast amount Values are n (%) or mean AE SD. *The primary endpoints of the PERFECT study. †The primary endpoints of CROSS study.
Kim et al. (2, 3, 6, 17) . However, it should be noted that 28% of patients in the single-stent group eventually received the 2-stent technique because of suboptimal results or impending occlusion of the SB before or after MB stenting. This finding suggests that the planned 2-stent technique can also be a reasonable approach when SB occlusion is strongly anticipated.
When periprocedural MI was excluded, the 1-year incidence of MACE was a single-digit number after using any of the stent techniques in the CROSS and PERFECT studies. Angiographic restenosis rates ranged from 16.0% to 28.0% in the CACTUS (14) and NORDIC (3) studies, but from 8.4% to 11.0% in our PERFECT study. The low event rate may be partly due to refinement of the stenting technique with successful performance or improved devices. For instance, in our study, the systemic use of IVUS in more than 90% of patients may have improved long-term clinical outcomes for bifurcation coronary lesions (25) . In addition, after stent crushing, 95.8% of patients received successful FKB, which may have subsequently contributed to the low event rate (10, 15) . Recent use of new-generation DES might also improve prognosis (19) . Given this finding, we can conclude that PCI for Locations of restenoses between the 2 treatments in the CROSS (A) and PERFECT (B) studies on an intention-to-treat analysis basis.
Abbreviations as in Figure 1 . Values are n (%) using Kaplan-Meier methods. The p values were analyzed using the log-rank test. Dashes indicate that data were unavailable.
Optimal Bifurcation PCI A P R I L 2 0 , 2 0 1 5 : 5 5 0 -6 0 bifurcation lesions using DES appears to lead to an excellent prognosis once the procedure is performed optimally, according to the standard guidelines. (18) . However, given the previous NORDIC II study, which showed comparable outcomes between crush and culotte stenting, the findings of the PERFECT study may represent general outcomes between single-and 2-stenting techniques.
CONCLUSIONS
The CROSS and PERFECT studies demonstrated that outcomes of PCI for bifurcation lesions were comparably safe and effective with any stenting technique, even for true bifurcation lesions. Of importance is that the procedures must be done with a careful functional and anatomical evaluation. 
